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Current Nuclear Data Libraries with ConBnuous‐Energy 
Resonance Processing 

DepleBon and Decay, 
RadiaBon Source Terms, 

and Decay Heat 

RadiaBon 
Shielding with 
Automated 
Variance 
ReducBon 

SCALE Capabilities 
•  Criticality safety 
•  Radiation shielding 
•  Cross-section processing 
•  Reactor physics 
•  Sensitivity and uncertainty analysis 
•  Spent fuel and HLW characterization 

SensiBvity and Uncertainty Analysis 

High‐ResoluBon Geometry 
Modeling in Monte Carlo and 

DeterminisBc Transport 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a 1980 – 2000 

Established for Nuclear 
Regulatory Commission 
Provides an independent 
rigorous nuclear safety 
analysis capability for out-
of-reactor license reviews 
Key Capabilities 
Criticality safety 
Radiation source term 
characterization 
Radiation shielding 
Heat transfer 
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2004 – 2010 
Expanded Capabilities to 
Address a Broader Class 
of Problems & Sponsors 
Reactor physics 
Shielding analysis with 
automated variance 
reduction  
Sensitivity and uncertainty 
analysis 
High-fidelity criticality safety 
in continuous energy 
Graphical user interfaces 
and visualization tools 
Expanding Use 
Used in 40 nations by 
regulators, vendors, utilities, 
and researchers 
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2012 – 2014 
HPC Integration, 
Architecture 
Modernization, Further 
Expansion of Capabilities 
Solutions for extremely 
complex systems 
High-fidelity shielding, 
reactor physics and 
sensitivity analysis in 
continuous energy 
Scalable from single core 
PCs to massively parallel 
machines 
Integration with CASL 
Virtual Environment for 
Reactor Analysis 
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~2500 SCALE users  
from 40 nations 

SCALE Map of the World 
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SCALE Users 
Regulators 

Industry vendors 
U7li7es 

Research laboratories 
Government agencies 

Universi7es 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SCALE is Built on a Modular Design 

SpaBal/Angular Detail 
(5 orders) 

 Energy Detail 
(10 orders) 

Isotopic Details 
(2247 nuclides) 

SCALE Driver 
And TRITON 

 End 

NO 

OPUS 

YES 

All mixtures 
complete? 

NO 

Output edits 
(repeat for all requested 
mixtures)  All time 

steps done? 

 ORIGEN-S 

COUPLE 

Input 

 NEWT 

 BONAMI / NITAWL 
                or 
BONAMI / CENTRM / PMC 

YES 

All branches 
complete? 

NO 

SCALE 6.1 
•  89 computaBonal modules 
•  ~1,000,000 lines of code 
•  Fortran/C++/c/Java 
•  17 GB of nuclear data 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VIBE 
Benchmark and SensiBvity Analysis Tool 

GeeWiz 
Input Generator 

Javapeño 
2D and 3D Data 
VisualizaBon 

KENO3D 
Solid Body RepresentaBon of 

Geometry and Results 

HTML Output  
Browsable Results 

SCALE’s Graphical User Interfaces Provide Convenient 
Input Generation and Output Interpretation 

eXsite 
TSUNAMI ValidaBon Analysis 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SCALE Staff – Leadership Team 
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SCALE Staff (con’t) 
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Training and User Assistance 
•  Training Courses 

–  ORNL Courses: 4-week blocks presented twice per year 
–  10-20 attendees for each week 
–  Other courses:  DOE sites, OECD, IAEA, and user facility training 

typically presented 2-4 weeks per year 

•  Workshops 
–  Presented free of charge at conferences around the world 

•  Primers 
–  Several “geBng started” guides on specific topics 
–   Used as NCSET Modules 

•  SCALE Web Site (scale.ornl.gov) 
–  SCALE NewsleIer ‐ current and past issues 
–  SCALE User Notebooks (FAQs) 
–  Valida7on and benchmark reports  

–  Download updates 

•  User help available 
–  scalehelp@ornl.gov 

–  hundreds of issues addressed each year 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SCALE Tasks 
•  Maintenance – ongoing ac7vity 

–  SoUware quality assurance and tes7ng 
–  Bug fixes, minor feature enhancements 

–  Suppor7ng new hardware, opera7ng systems, compilers 

–  General user support 
–  NewsleIer 
–  Website 

•  Development 
–  Targeted feature requests 
–  Typically ini7ated by a sponsor or end‐user need 
–  Milestone detailed by sponsor 

•  Nuclear Data 
–  Maintenance of nuclear data genera7on capabili7es 

–  Development of updated nuclear data libraries 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SCALE Tasks (continued) 
•  Technical support 

–  Provides access to ORNL/SCALE staff as subject maIer experts, especially for 
inves7ga7ng or resolving technical and licensing issues related to cri7cality 
safety, dose assessment, or reactor physics 

–  Reviewing technical submissions 

–  Par7cipa7on in standards commiIees and expert groups 

•  Training 
–  Support for public classes on SCALE 
–  Support for targeted private classes on SCALE 

•  Applica7on Studies 
–  Specific, typically advanced, studies with SCALE 
–  Applica7ons oUen drive future development 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Development Cycle and Quality Assurance 

• Quality is a top priority, and an extensive 
quality program is used to govern the 
development and deployment process. 

• Quality Assurance Program 
–  SCALE QA plan is under revision for compliance 

with DOE 414.1C, NQA-1, and ISO 9001. 
–  Current QA document is ~95% compliant and QA 

activities are compliant. 

• Tested versions of SCALE are provided to 
RSICC for public release. 
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KENO Monte Carlo for Criticality Safety 
•  40‐year history of Monte Carlo calcula7ons for 
cri7cality safety analysis 

•  Ongoing development and maintenance assures 
best‐available techniques for end users 

•  Mul7‐group and con7nuous‐energy 
•  Integrated input GUI 
•  Visual HTML output format 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Tools for Sensitivity and Uncertainty Analysis Methodology 
Implementation 

TSUNAMI 

•  Monte Carlo neutron transport sensi7vity analysis tool for accurately 
modeling complex geometries 

•  Comprehensive library of cross‐sec7on covariance data 

•  Iden7fica7on of important contribu7ons to cri7cality and 
computa7onal biases 

•  Quan7fica7on and extension of area of applicability for benchmark 
experiments 

•  Advanced bias assessment techniques  
–  TSURFER Data Adjustment techniques 
–  Nuclide‐specific, energy‐dependent biases, detailed bias uncertain7es, gap analysis 

•  Means to use benchmark data in ways not previously available 
–  Extrac7on of data from replacement experiments 

•  Design of experiments to meet targeted needs  
–  required step in CedT process 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SCALE CAAS Capability  

Step 2:   
• Use MAVRIC to model particle transport 
• Use KENO-VI fission distribution as the 
source for MAVRIC 

• Calculate detector responses, dose rates 
at specific points or mesh tallies of dose 
rates 

layers of UF4 

West wing of the ORCEF,  
building 9213 Step 1:   

• Use KENO-VI to model the 
criticality accident and save the 
fission distribution as a mesh 
source 

Dose in rem per 1019 fissions 
Speedups of 3000 to 4500 



Enhancements in 
SCALE 6.1 

Focus on quality and ease-of-use 
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• KENO 
–  Easier mesh specifica7on 
–  Improved mesh volume calcula7on 
–  Improved mesh output edits 
–  Region mean free paths in CE KENOs enabled 

•  Fission source distribu7on output 
–  For CAAS or visualiza7on 
– MG/CE, KENO V.a/KENO‐VI 
–  Exported in .3dmap format with uncertain7es 

Criticality Safety 
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•  For TSUNAMI, forward and adjoint fluxes are 
accumulated over same mesh, then mul7plied 
together prior to summing over a region (e.g. all fuel 
pins). 

• Volume of each material within each mesh region is 
required. 

19 

KENO Mesh Accumulator 
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Array Without Automated Mesh 

6×6 Array of 4-region cell 
for 144 regions 

4 flux regions 
fuel, gap, clad, mod. 
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Automated Mesh  
(1.375 x pitch) 
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Automated Mesh 
Fuel Regions 
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Automated Mesh 
Moderator Regions 
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Automated Mesh 
Clad Regions 
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Automated Mesh 
Single Fuel Mesh 
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Automated Mesh 
Single Clad Mesh 
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Automated Mesh 
Single Moderator Mesh 
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Evolution of TSUNAMI Mesh 

SCALE 5.0‐5.1 

Limited 
uniform mesh 

AnalyBc 
volume 

calculaBon 

Applied only to 
cuboids and 
cylinders 

SCALE 6.0 

More flexible 
planar mesh 

StochasBc 
volume 

calculaBon 

Applied to 
generalized 
geometry 

Limited 
volume control 

SCALE 6.1 

Easier 
definiBon of 
mesh planes 

Improved 
volume control 

Improved 
volume 
defaults 

SCALE 6.2‐7.0 

No mesh 
required with 
advanced 
techniques 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• Pu solu7on cans (~30 cm)  

•  Large room (~15 m) 

• Desire 3 cm mesh for fissile 
solu7on 

• Uniform mesh would create 
~80,000,000 mesh intervals 

• Require ~300 GB of RAM 

Example:  PU-SOL-THERM-014 



30  Managed by UT‐Ba/elle 
 for the U.S. Department of Energy 

SCALE Developments for CriBcality Safety 

• Mesh refined across fissile 
solu7on 

• Requires ~140,000 mesh 
intervals 

•  ~500 MB of RAM 

SCALE 6.0 Planar Mesh 

0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

H‐1 Total 

Se
ns
i7
vi
ty
 

Direct 
PerturbaBon 

TSUNAMI‐3D No 
Mesh 

TSUNAMI‐3D 
SCALE 6.0 Mesh 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Planar Mesh 

SCALE 6.0  SCALE 6.1 

read gridgeometry 1 
  xplanes 
   -750 -700 -650 -600 -550 -500 -450 -400 -350 -331 -325 -322 -319  
   -316 -313 -311 -310 -307 -304 -301 -298 -295 -292 -291 -271 -261  
   -241 -221 -201 -180 -175 -172 -169 -166 -163 -160 -160 -157 -154  
   -151 -148 -145 -142 -139 -100 -50 0 50 100 150 200 250 300 350  
   400 450 500 550 600 650 700 750 
  end 

  yplanes 
   -585 -550 -500 -450 -400 -350 -300 -250 -200 -150 -116 -110 -107  
   -104 -101 -98 -96 -95 -92 -89 -86 -83 -80 -77 -76 -56 -36 -16 4  
   24 40 43 44 46 49 52 55 58 61 64 64 67 70 84 100 150 200 250 300  
   350 400 450 500 550 585 
  end 

  zplanes 
   -540 -500 -450 -406 -386 -366 -346 -345 -342 -339 -336 -333 -330  
   -327 -326 -324 -321 -319 -316 -313 -310 -307 -306 -304 -300 -286  
   -250 -200 -150 -100 -50 0 50 100 150 200 250 300 350 400 450 500  
   550 570 
  end 

end gridgeometry 

read gridgeometry 1 
  xlinear 30 -750 750  
  xlinear 15 -331 -291  
  xlinear 15 -179 -139  
  ylinear 24 -585 585  
  ylinear 15 -116 -76  
  ylinear 15 44 84  
  zlinear 22 -540 570  
end gridgeometry 
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•  To compute sensi7vity coefficients, the volume of 
each region within each mesh interval must be 
quan7fied. 

• Beginning with SCALE 6.0, KENO computes the 
volume through a stochas7c sampling process. 

•  SCALE 6.0 defaults: 
–  5000 points per genera7on for 1000 genera7ons 

•  SCALE 6.1 defaults: 
–  5000 points if volume < 13,600 cm3 

–  For larger volumes 

Mesh Volume  
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Volume Input 

•  Input sampling directly 
read volume 
 points=25000 
 batches=4000 
end volume 

•  Input sampling density: 
read volume 
 sample_den=0.1 
 batches=4000 
end volume  

With SCALE 6.1 defaults, PU‐SOL‐THERM‐014 mesh volumes are computed with 
~150,000,000 points for 1000 batches 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•  Improved KENO mesh and mesh volume greatly benefits 
TSUNAMI‐3D 

•  TSUNAMI‐2D based on NEWT is introduced 
•  Generalized perturba7on theory calcula7ons in 1D and 
2D provide sensi7vi7es/uncertain7es due to cross 
sec7ons for: 
–  Flux ra7os 
–  Reac7on rate ra7os 
–  Few group cross sec7ons, etc 

•  TSURFER 
–  Addi7onal uncertainty edits 
–  Addi7onal plots 
–  Improved output 

Sensitivity and Uncertainty 
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TSURFER Output 
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Fission Source Viewing 
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Fission Source Uncertainty 



38  Managed by UT‐Ba/elle 
 for the U.S. Department of Energy 

SCALE Developments for CriBcality Safety 

• Numerous enhancements for MAVRIC sequences 
– Mul7ple sources 
–  Spa7al varia7on of sources 
–  Energy distribu7ons from ORIGEN or AMPX  
– Macro materials for Denovo calcula7on 
–  Cylindrical mesh grids 
– MAVRIC U7li7es 

Shielding/Criticality Accident Alarm Analysis 
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•  Important for accurate characteriza7on of burned fuel 

•  Arbitrary group structures for COUPLE/ORIGEN 
•  ORIGEN Nuclear Data 

–  ENDF/B‐VII decay and fission libraries with JEFF mul7group 
cross sec7ons in many group structures 

–  Decay libraries with 2227 nuclides 
•  174 ac7nides 
•  1149 fission products 
•  904 structural ac7va7on materials 

•  Energy‐dependent fission yields 
•  Cross sec7on transi7ons from mul7ple sources 

–  JEFF‐3.0/A based AMPX libraries 
–  AMPX library from SCALE 
–  Input from user 

Depletion and Decay 
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•  GeeWiz 
–  Substan7al improvement in 
func7onality and stability 

–  Added code support 
•  STARBUCS 
•  TRITON 
•  MAVRIC enhancements 
•  TSUNAMI‐GPT 

•  Javapeño 
–  CE KENO cross sec7on ploBng 
–  OPUS ploBng (replaces 
PlotOPUS) 

–  NEWT contour plots 
–  Custom installer 

Graphical User Interfaces 
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Continuous-energy Cross-section Data Plot 
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•  Consistent experience on Linux, Mac, Windows 

New Installer 



Infrastructure 
Modernization 
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–  All issues can be 
iden7fied and tracked. 

–  SCALE QA now 
conducted and tracked 
within GForge 

–  SCALE development 
ideas and issues are 
easily tracked to 
resolu7on 

–  SCALE Help migrated to 
GForge 

GForge 

◦  Collabora7ve development environment with web interface. 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• CMake build system 

•  Same code and build system will be used on all 
platorms, Linux, Mac, Windows 

•  64‐bit Windows build for first 7me 

•  Supported platorms: 
–  Linux 32‐ and 64‐bit 
– Mac 32‐ and 64‐bit 
– Windows 32‐ and 64‐bit 

Build System 
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Regression Testing 
•  2010 “SCALE Tes7ng 
Team” 
–  5 top students recruited 
to beta test SCALE 6.1 

–  ~200 issues iden7fied 
and corrected 

–  developed regression 
test suite 

•  Test suite now runs for 
each code modifica7on 

•  Nightly build and test 
• Web interface 
“Dashboard” and e‐
mail reports 



Technical Support Activities 
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Application of SCALE/TSUNAMI to the 
Design of MIRTE Reference Experiments 

ΔSensitivity = S (with material) – S (without material) 

Design of Reference Experiments 
(Ex: 10 mm Titanium plates) 

Sensitivity (with material)  
Sensitivity (without material) 
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Collaboration with CEA/Valduc 

• October 2009 – Week‐long 
TSUNAMI Training at Valduc 

• December 2009 ‐ Detailed SCALE 
model of CALIBAN developed 

•  Fall 2010 – Silene CAAS 
Experiments – More on this later… 

•  February 2011 – Two‐week visit 
by Valduc staff at ORNL 

• ORNL staff member will serve on 
PhD commiIee of B. RICHARD 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ICSBEP, Sensitivity Data, VIBE 
•  ORNL staff serving on 
ICSBEP Task Team 

•  Ongoing interac7on with 
DICE developers 

•  Integrated VIBE into DICE 
for 2010 ICSBEP 
distribu7on 
–  Supported new DICE 
database format, and 
preserved backwards 
compa7bility with 2008, 
2009 data formats 

–  Published “GeBng Started” 
Guide 

•  Provided QA’d SCALE 
inputs and sensi7vity data 
files for 78 ICSBEP 
benchmark models 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OECD/NEA  
Working Party on Nuclear Criticality Safety 

•  Leading role in expert groups: 
–  Uncertainty Analysis for Cri7cality Safety Assessment   
–  Advance Monte Carlo Techniques 
–  Burnup Credit Cri7cality 
–  Assay Data of Spent Nuclear Fuel (chair) 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SCALE 6.1 Schedule 

• Beta release provided to: 
–  RSICC 
–  OECD/NEA Data Bank 
–  ~25 external testers 

•  Final modifica7ons under review 

• Documenta7on in edi7ng 

• Release expected in late March 2011 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Questions? 

Brad Rearden 
SCALE Project Leader 

scalehelp@ornl.gov 


